Increasing evidence has demonstrated that miRNAs play a critical role in tumor development and progression. Previous studies have revealed that miR-106a is abnormally expressed in various cancers. However, its function and underlying mechanism in cervical cancer (CC) remains unknown. In this study, we confirmed that the expression of miR-106a was significantly upregulated in both CC cell lines and tissues by qRT-PCR. The increased expression of miR-106a was obviously associated with adverse prognostic features. Moreover, we demonstrated that miR-106a was a novel independent prognostic marker for predicting the 5-year survival of CC patients. The ectopic overexpression of miR-106a promoted cell migration, invasion and invasion-related gene expression, while downregulated miR-106a reversed the effect. In addition, miR-106a regulated tissue inhibitor of metalloproteinase (TIMP)2 by directly binding to its 3'-UTR, leading to the indution of the expression of matrix metalloproteinases (MMPs). In clinical samples of CC, miR-106a was inversely correlated with TIMP2, which was downregulated in CC. Alteration of TIMP2 expression at least partially abolished the migration, invasion and MMP expression of miR-106a in CC cells. In conclusion, our data indicated that miR-106a promoted the migration, invasion and MMP expression of CC by targeting TIMP2, and may represent a novel potential therapeutic target and prognostic marker for CC.
Introduction
Cervical cancer (CC) is one of the most common cancers and the third leading cause of cancer-related deaths in women worldwide (1, 2) . Despite notable advances in surgery, radiotherapy and chemotherapy, even the novel molecular-targeted therapy, the long-term survival of advanced CC patients remains poor due to the high rates of tumor recurrence and distal metastasis (3) (4) (5) . To elucidate the development and progression of CC, it is crucial to identify the molecular etiology and molecular mechanisms underlying the progression and metastasis in CC and thus improve therapeutic strategies and prognosis.
MicroRNAs (miRNAs) are a class of small, non-coding RNAs that negatively regulate protein expression by binding to the 3'-untranslated region (3'-UTR) of target mRNAs and function as post-transcriptional regulators of gene expression (6, 7) . Accumulating studies have confirmed that aberrant expression of miRNAs is involved in various types of cancer, including CC, and participate in diverse biological processes such as cell growth, invasion, differentiation and metastasis (8) (9) (10) (11) (12) . Recently, miR-106a, which is derived from the precursor miR-106a-363 on chromosome Xq26.2, was revealed to play a critical role in the progression of cancers (13) (14) (15) (16) (17) . A previous study revealed that miR-106a functions as a regulator of cell invasion, proliferation and drug sensitivity (18) . miR-106a functioned as an oncogene in human gastric cancer and contributed to proliferation and metastasis in vitro and in vivo and a high expression of miR-106a was associated with the poor survival rate of gastric cancer patients (19, 20) . Upregulated expression of miR-106a by DNA hypomethylation played an oncogenic role in hepatocellular carcinoma by targeting TP53INP1 and CDKN1A (21) . However, the expression of miR-106a was downregulated in glioma, renal carcinoma and osteosarcoma cancer (22) (23) (24) . miR-106a inhibited glioma cell growth by targeting E2F1 independent of p53 status (25) . miR-106a inhibited the proliferation of renal carcinoma cells by targeting IRS-2 (24) . Moreover, miR-106a suppressed the proliferation, migration and invasion of osteosarcoma cells by targeting HMGA2 (22) . Thus, the functional significance of miR-106a in cancer initiation, development and progression appears to be cancer-type specific. However, the functional role and the underlying molecular mechanism by which miR-106a regulates the development and progression of CC have not been elucidated.
In this study, we investigated the expression and biological function of miR-106a in CC progression. We demonstrated that the expression of miR-106a was upregulated in both CC tissues and cell lines. Increased expression of miR-106a was associated with adverse prognostic characteristics and poor 5-year survival of CC patients. MiR-106a promoted CC migration and invasion in vitro by gain-and loss-of-function experiments by directly targeting tissue inhibitor of metalloproteinase (TIMP)2. Collectively, these data confirmed the underlying mechanism by which miR-106a promoted migration and invasion of CC and identified miR-106a as a novel prognostic biomarker for CC patients.
Materials and methods
Clinical samples and cell culture. CC tissues and corresponding adjacent normal tissues were obtained from 135 patients who received routine surgery at the Affiliated Tumor Hospital of Xinjiang Medical University from January 2007 to December 2010. None of the patients had received any therapy before surgery. All tissues were stored at -80˚C until RNA extraction. Informed consent was obtained from all the patients and this study was approved by the ethics committee of the local institutional review boards in accordance with the Declaration of Helsinki.
Four CC cell lines (C33A, HeLa, CaSki, SiHa) and a normal human cervical epithelial cell line (H8) were obtained from the Institute of Biochemistry and Cell Biology (Chinese Academy of Sciences, Shanghai, China) and were cultured in Dulbecco's modified Eagle's medium (DMEM; Hyclone, Logan, UT, USA) containing 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA) with 1% penicillin /streptomycin (Sigma, St. Louis, MO, USA) at 37˚C with 5% CO 2 .
Quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR). TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to extract RNA from tissues and cell lines according to the manufacturer's instructions. RNA was reverse-transcribed using a TaqMan human miRNA assay kit (Applied Biosystems, Foster City, CA, USA) and cDNA was then amplified with a SYBR ® Premix Ex Taq™ II (Perfect Real-Time) kit (Takara Bio, Inc., Shiga, Japan) and analyzed with an Applied Biosystems 7900 real-time PCR system. Hsa-miR-106a primer (HmiRQP0027), snRNA U6 qPCR primer (HmiRQP9001) and GAPDH (HQP006940) were purchased from Genecopoeia (Guangzhou, China). The primers for TIMP2 were as follows: sense, 5'-AGCACCACCC AGAAGAAGAG-3'; and antisense, 5'-GTGACCCAGTCCAT CCAGAG-3' and were synthesized by GenePharma (Shanghai, China).
Western blot analysis. Whole tissue and cell proteins were collected in RIPA buffer (Beyotime, China) and the protein concentration was determined using a BCA protein assay kit (Thermo Scientific, Rockford, IL, USA). An equal amount of protein was separated by 10% SDS-PAGE and transferred to PVDF membranes (Millipore, Billerica, MA, USA). The membranes were blocked with 5% non-fat milk in TBST and then incubated with primary antibodies: TIMP2, matrix metalloproteinase (MMP)2, MMP9 and GAPDH (1:1,000; Cell Signaling Technology, Inc.) at 4˚C overnight. After being washed by TBST, the membranes were incubated with an appropriate peroxidase-conjugated secondary antibody for 2 h at room temperature (ZSGB-Bio, China). The protein bands were visualized using an enhanced chemiluminescence kit (Amersham, Little Chalfont, UK).
Immunohistochemical analysis (IHC)
. IHC was performed on 4-µm thickness of paraformaldehyde-fixed paraffin sections. MMP2 and MMP9 (1:100; Cell Signaling Technology, Inc., Danvers, MA, USA) antibodies were used in immunohistochemistry with the streptavidin peroxidase-conjugated (SP-IHC) method. The staining results for the protein were semiquantitatively calculated by multiplying the staining intensity and the percentage of positive cells. The staining intensity was expressed as four grades: 0= none; 1= weak; 2= moderate; and 3= strong. The percentage of positive cells was expressed as the following grades: 0, <5%; 1, 6-25%; 2, 26-50%; 3, 51-75%; and 4, >75%.
Cell transfection. The cells were seeded in 6-well plates and transfected with vectors using Lipofectamine 2000 reagent (Invitrogen Life Technologies) in accordance with the manufacturer's protocol. miRNA expression vectors, including miR-106a expression vector (HmiR0392), the control vector (CmiR0001-MR04), the miR-106a inhibitor (HmiR-AN0027) and the negative control (CmiR-AN0001-AM04) were obtained from Genecopoeia. The TIMP2 expression plasmid and specific siRNA were producted by GenePharma.
Transwell migration and invasion assays. Cell migration and invasion assays were assessed by 8-µM pore-sized Transwell inserts (Nalge Nunc International Corp., Naperville, IL, USA). Cells (2.5x10 4 ) in 200 µl of serum-free DMEM medium and were loaded into the top chamber, and 750 µl of DMEM medium with 10% FBS were placed in the bottom chamber. For the invasion, the upper chambers were pre-coated with Matrigel (BD Biosciences). After 24 h of incubation, the cells were fixed in 4% paraformaldehyde and stained with 0.3% crystal violet. The cells remaining in the top layer were swabbed carefully and the bottom cells were counted under a microscope.
Luciferase reporter assay. Luciferase activity was determined by the Dual-Luciferase assay (Promega, Madison, WI, USA) according to the manufacturer's protocol. The wild-type 3'-UTR of TIMP2 containing the putative miR-106a target site was amplified and cloned into the pGL3-control luciferase reporter vector (Promega). The mutant constructs were generated using a QuickChange Site-Directed Mutagenesis kit (Stratagene, La Jolla, CA, USA). The experiment was performed in duplicate in three independent experiments.
Statistical analysis. Data are presented as the mean ± SD from at least three independent replicates. SPSS software, 16.0 (SPSS., Inc, Chicago, IL, USA) and Graphpad Prism 6.0 (GraphPad Software, Inc., La Jolla, CA, USA) were used for a two-tailed Student's t-test, Pearson's correlation analysis, Kaplan-Meier method and the log-rank test to evaluate the statistical significance. Differences were defined as P<0.05.
Results

miR-106a is significantly upregulated in CC tissues and cell lines.
To explore the expression of miR-106a in CC tissues and cell lines, qRT-PCR was performed. We found that miR-106a expression was significantly higher in human CC tissues than that of adjacent normal cervical tissues (P<0.05, Fig. 1A ). Furthermore, we analyzed miR-106a expression in a panel of CC cell lines and normal human cervical epithelial cell line (H8). Consistently, our data revealed that miR-106a was significantly upregulated in the CC cell lines compared to the H8 cells (P<0.05, Fig. 1B ). These results indicated that the increased expression of miR-106a is potentially correlated with the development and progression of CC.
Correlation between the expression of miR-106a and the clinical characteristics in CC samples. To assess its clinical relevance in CC samples, we defined the high and low expression of miR-106a according to the median expression level. As shown in Table I , high miR-106a expression was significantly associated with lymph node metastasis (LNM, P=0.007), lymphovascular space invasion (LVSI, P=0.001) and advanced FIGO stage (P= 0.038). Hence, these findings indicated that increased miR-106a was involved in the development and progression of CC. Moreover, survival analysis revealed that upregulation of miR-106a was markedly correlated with shorter overall survival (P=0.0001, Fig. 2 ) in CC patients. Furthermore, miR-106a expression was an independent prognostic factor for predicting the overall survival in CC patients Table I . Clinical correlation of miR-106a expression in CC (n=135). (P=0.002, 0.009, respectively, Table II ). These results revealed that miR-106a could serve as a potential prognostic biomarker in CC patients.
miR-106a promotes CC cell migration and invasion in vitro.
To further illustrate the biological function of miR-106a in CC cells, we transfected the miR-106a expression vector into C33A cells or the anti-miR-106a vector into SiHa cells which contained different endogenous miR-106a levels. As assessed by qRT-PCR, we confirmed that miR-106a effectively increased miR-106a in the C33A cells (P<0.05, Fig. 3A) or decreased miR-106a in the SiHa cells (P<0.05, Fig. 3C ). Transwell migration and invasion assays were performed to evaluate the effects of miR-106a on the migration and invasion of the C33A and SiHa cells. We found that miR-106a overexpression significantly promoted the migration and invasion of the C33A cells (P<0.05, Fig. 3B ), whereas miR-106a knockdown markedly inhibited the number of migrated and invaded SiHa cells (P<0.05, Fig. 3D ). These data revealed that miR-106a promoted CC cell migration and invasion in vitro. 
Univariate analysis Multivariate analysis -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
miR-106a modulates the expression of MMPs.
Previous studies confirmed that MMP2 and MMP9 are important members of the MMP family, which play critical roles in cancer migration and invasion, including CC. Thus, we investigated whether miR-106a could regulate invasion-related genes. Our data revealed that miR-106a overexpression significantly upregulated the expression of MMP2 and MMP9 (P<0.05, Fig. 4A ), however, miR-106a knockdown markedly downregulated the expression of MMPs (P<0.05, Fig. 4B ). In addition, we further explored the correlation between miR-106a expression and MMPs in CC tissues. We found that the expression of MMP2 and MMP9 in the high miR-106a-expression group was higher than that in the low miR-106a-expression group (P<0.05, Fig. 4C ). Collectively, these results revealed that miR-106a is vital for CC cell invasion by modulating the expression of MMPs.
TIMP2 is a direct target of miR-106a in CC cells.
To investigate the mechanism of miR-106a in CC cell migration and invasion, we used algorithm TargetScan to search for candidate targets of miR-106a and found that the 3'-UTR of TIMP2 matched the 'seed sequence' of miR-106a (Fig. 5A ). To ascertain whether TIMP2 was a direct target of miR-106a in CC cells, we carried out a luciferase reporter assay to confirm that miR-106a could bind to the 3'-UTR of TIMP2. The reporter assays revealed that the increased miR-106a markedly inhibited the luciferase activity of the wild-type (wt) TIMP2 3'-UTR (P<0.05, Fig. 5B ) while it had no influence on that of the mutant (mt) TIMP2 3'-UTR (P>0.05, Fig. 5B) . Conversely, the miR-106a decrease increased the luciferase activity of the wt TIMP2 3'-UTR (P<0.05, Fig. 5B ) but did not affect the luciferase activity of the mt TIMP2 3'-UTR constructs. Furthermore, miR-106a overexpression markedly suppressed the mRNA and protein expression of TIMP2 in the C33A cells (P<0.05, respectively, Fig. 5C and D) . By contrast, the expression of TIMP2 mRNA and protein were significantly increased by the inhibition of miR-106a in the SiHa cells (P<0.05, respectively, Fig. 5C and D) .
miR-106a expression is inversely correlated with TIMP2 in CC tissues.
To further investigate the relationship between miR-106a and TIMP2 in vivo, we examined the mRNA and protein expression in diverse miR-106a expression groups. The results revealed that TIMP2 mRNA and protein levels were significantly lower in the high miR-106a-expression group than that in the low miR-106a-expression group in CC (P<0.05, Fig. 6A and B) . In addition, we demonstrated that the mRNA level of TIMP2 in the CC tissues was inversely correlated with miR-106a expression (R2=0.8078, P<0.0001, Fig. 6C ). In conclusion, these data revealed that TIMP2 was a direct downstream target of miR-106a in CC. 
Functional role of TIMP2 in miR-10 6a-mediated cell migration, invasion and invasion-related MMP expression.
Having confirmed TIMP2 as a target of miR-106a, we next explored the biological function of TIMP2 in miR-106a-mediated cell migration, invasion and increase of MMPs. We restored TIMP2 expression in the C33A-miR-106a cells by transfecting them with TIMP2 expression plasmid (P<0.05, Fig. 7A ). Furthermore, TIMP2 overexpression inhibited the cell migration, and invasion (P<0.05, respectively, Fig. 7B ) and suppressed the expression of MMPs (P<0.05, Fig. 7E ). Conversely, TIMP2 knockdown by a specific siRNA in the miR-106a-suppressive SiHa cells (P<0.05, Fig. 7C ) significantly increased cell migration and invasion (P<0.05, respectively, Fig. 7D ) and promoted the expression of MMPs (P<0.05, Fig. 7F ). These data demonstrated that TIMP2 is a downstream mediator in the function of miR-106a in CC.
Discussion
Accumulating evidence has demonstrated that aberrant expression of miRNAs plays pivotal roles in the development and progression of cancer by inhibiting the expression of their target genes and potentially serve as biomarkers for the prediction and prognosis in diverse cancers, including CC (26) (27) (28) . In previous studies, Zhu et al demonstrated that miR-106a targets TIMP2 to regulate the invasion and metastasis of gastric cancer (15) . The phenomenon was also observed in pancreatic cancer (16) . These data strongly support our present data in regards to CC. Moreover, miR-106a was frequently upregulated in gastric cancer and inhibited the extrinsic apoptotic pathway by targeting FAS (13) . In addition, miR-106a targeted autophagy and enhanced sensitivity of lung cancer cells to Src inhibitors (29) . However, conversely, miR-106a inhibited the proliferation and migration of astrocytoma cells and promoted apoptosis by targeting FASTK (23) . Moreover, miR-106a suppressed the proliferation, migration, and invasion of osteosarcoma cells by targeting HMGA2 (22) . These data indicated that the expression level and biological effect of miR-106a was dependent on the type of cancer.
In present study, we found that miR-106a was significantly upregulated in CC tissue samples and cell lines, which was consistent with previous microarray analyses data (30) . Increased miR-106a expression was prominently associated with malignant clinicopathological features of CC patients, including lymph node metastasis, lymphovascular space invasion and advanced FIGO stage. Moreover, we found that the high miR-106a-expression group had a poorer 5-year overall survival for CC patients than the low miR-106a-expression group. Multivariate Cox regression analysis revealed that miR-106a was an independent prognostic factor for predicting the survival of CC patients. In conclusion, these results suggest that miR-106a is critical for the prognosis outcome of CC patients. What is more, gain-and loss-of-function experiments demonstrated that miR-106a promoted cell migration, invasion and the expression of invasion-related genes, at least partially by targeting the TIMP2-mediated MMP signaling pathway. Furthermore, miR-106a was inversely correlated with TIMP2 expression, which was downregulated in CC tissues. In addition, miR-106a could negatively modulate TIMP2 accumulation and regulate MMP2 and MMP9 expression, which play an important role in the metastasis of CC. Collectively, these results demonstrated that miR106a functions as oncogene in the migration, invasion and the expression of MMPs by directly inhibiting the TIMP2 pathway.
The degradation of the extracellular matrix (ECM) is crucial for the invasion and metastasis of CC. MMPs, especially MMP2 and MMP9, are able to degrade ECM to promote endothelial cell migration and trigger an angiogenic switch by releasing VEGF from ECM (31) . TIMPs are specific inhibitors of MMP2 and MMP9, which were decreased in CC (32, 33) . Our results revealed that TIMP2 abolished the stimulatory effect of miR-106a on CC cells. Collectively, these data demonstrated that the promotive effect of miR106a was mediated by targeting TIMP2 thus inhibiting MMP expression in CC.
In conclusion, we demonstrated that miR-106a was upregulated in CC tissues and cell lines, and its increased expression was associated with malignant clinicopathological features. Furthermore, we confirmed that miR-106a promoted cell migration, invasion and the expression of MMPs by inhibiting TIMP2. These results suggest that miR-106a is a potential metastasis-associated tumor oncogene in CC. Collectively, the dysregulation of miR-106a may play an impor tant role in tumor metastasis and may be a novel prognostic factor and potential therapeutic target for CC.
